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Variability of Patient Response

Benefit MIXED BENEFITS
AND HARMS

NON-RESPONDERS

Harm

Frequency of response in the population

Barbara Evans, Notre Dame Law Review 85(2);,419-524, 2010
http://www.nd.edu/~ndlrev/archive _public/85ndlr2/Evans. pdf




Many Factors

Affect Drug Exposure/Response

Extrinsic

It is critical to
evaluate how these
Smoking/ fOC'l'Of'S lefeC"' dr'UQ
- exposure/response

Drug—drug interactions

Intrinsic

Environment

Age
Race
Organ dysfunction
Disease
Pregnancy/lactation
Gender
Genetics
Others

Medical
practice

et Ultimate goal -
Optimal dosing for

T, patients with these

individual factors

Huang S-M, Temple R, Is this the Drug or Dose for you?
Clin Pharmacol Ther 84: 287-294, 2008

<FDA Clinical Pharmacology guidance documents:
http://www. fda.gov/Drugs/6GuidanceComplianceRegulatoryInformation/Guidances/ucm0649
82.htm



Comparative exposure and dose recommendation

in subagroups with various patient factors

- . Initial dose Daily dose

Group Ethnic factor Fold change in exposure (AUC) (mg) (mg)

1 Control 1-fold O 10-20 5-40

Hepatic 1.1-fold (mild) = 10-20 540

2 impairment 1.2-fold (moderate) 10-20 540

1-fold (mild) = 10-20 5—40

ﬁne;;:,m ont 1-fold (moderate) | IH 10-20 5—40

3 3-fold (severe) 1 5 <10

4 Race 2-fold (Asians) L1 5 5=20

5 Cyclosporine | 7-fold 1 5

6 Gemfibrozil 1.9-fold I 10
Lopinavir/ §

! ritonavir 5-fold I 10

(Data compiled from labeling for Crestor (rosuvastatin; AstraZeneca);
Labeling from

.); November 2007 labeling
—>Current practice: Adjust the dose to achieve

similar systemic exposure > Only the first step

<Huang S-M, Temple R, Clin Pharmacol Ther. 84(3): 287-294, 2008>




Risk Communications

An important facet of FDA's risk
communication strategy and mission has
always been educating the public about
the appropriate use of FDA-requlated

products.

"....education involves more than ensuring
the accuracy of product labeling ..."

FDA Strategic Plan for Risk Communications, September 30, 2009
http://www. fda.gov/AboutFDA/ReportsManualsForms/Reports/ucm183673. htm




Composition of Safety-Related
Labeling Changes for All Drug Products

(changes made Oct 2002-Aug 2005, n=2645 label changes for 1601 NDA/BLA entries)

220 - rosuvastatin
200 -
O Black Box Warnings
180 -
160 i atorvastatin m Warnings
140 - - @ Precautions
C Opl o ogr'e o

120 - @ Contraindications
100 - i / B Adverse Reactions
80 1 i i _ simvastatin
40 jH T
20 - IH" M ‘ T I /

OR "IIIH"llHlllilllll..-u TR
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Years post-approval

Modified from: T Mullin, COER, Office of Planning and

Analysis, OTS presentation, May 2009




Labeling Example (1)

Updating labeling
Genetic Data<—>
Drug Interaction warning




Clopidogrel
(prodrug)

-«-I.!l"-r
I L

Intestinal absorption

(ABCBL)
* % 1

Inactive metabolites
(2524 of clopidogrel dose)

Hepatic metabolis
(CYP3A4, CYP3AS, and
Y P2C19)

ADP

=

GPIlIb/Ila

receptor

Active metabolites
(15946 of clopidogrel dose)

P2RY12 ﬂh\j
receptor

<Simon et al. N Engl J Med-360:363-375,

January 2009 > Platelet

-
Jﬂﬂ" bl 8




CYP2C19 and Clopidogrel

A Primary Efficacy Outcome
124

-------

10+

Primary Efficacy Outcome (%)
~

nwy - yee—————————l

Non-Carriers

Days since Randomization

Carriers: with at least one variant alleles,
*2, 3, 4, 5, 8 (IM+PM);

*Outcome: a composite of death from
cardiovascular causes, myocardial infarction,

or stroke

T T T T T T T T T T T T
0 30 90 180 270 360

Carriers 395 364 360 348 306 270
Moncarriers 1064 1009 999 930 270 755

Active Metabolite AUC

A Pharmacokinetic Response
Clopidogrel, 300 mg
0.5
T 00T T
5 —_—
:
2 05 : |
= -0 I s
=1 ;
o = n
< ; 5 ] I
= -104 — i _
& I
=1 —
215 o £
UM EM M PM
(N=20) (N=31) (N=30) (N=8)

PM: with two reduced function alleles
IM: one reduced function allele

EM: no variant alleles;

UM: one or two *17

<Mega J et al. N Engl J Med 2008, 10. 1056/NETJMoa0809171 >

Another study also examined MDR1
<Simon T et al. N Engl J Med 2008, http

://content.nejm.org/cqi/content/full/360/4/363



= Neither clopidogre! nor PPI
0 — PPl without clopidogrel
Q 0801 | — Copidogel+ P
t — Clopidogrel without PPI
C ]
2 0% None .-~ ~
3 N
0 I
T o Soii o
2 ‘ ol s
£ .f"’ﬂ o ~ -]
3 030 5
0
G
g Clop (no PPT)
5
8
x 0.104

| Period Since Discharge, d
No. at risk
Neither clopidogrel 1223 1686 1531 121 751 391
nor PPI
PPl without 1093 1223 1210 %21 585 310
Clopidogrel
Clopidogrel 2426 1878 1179 620 362 147
without P!
Clopidogrel + PPl 3031 2490 1577 801 494 214

Ho PM, et al, JAMA, March 4, 2009 301: 937 - 944.

70 %0 450 50 60 70 80 o0 9@0 10|8

Medco s’rudy

after stenting--
the risk of major
adverse
cardiovascular
events increased
to 25% (from
18%) in patients
taking PPIs ---

http://cardiobrief.org/2009/05/06/scai-
clopidogrelppi-wed-1130am/; May 6, 2009

10 S-M Huang




FDA Actions

January 2009:Early communication

Healthcare providers should re-evaluate the need for starting
or continuing treatment with a PPT, including Prilosec OTC, in
patients taking clopidogrei..................

January 26, 2009
http://www. fda.gov/cder/drug/early comm/clopidogrel_bisulfate.htm

May 2009: Labeling changes

CYP2C19 poor metabolizer status is associated with diminished response
to clopidogrel. The optimal dose regimen for poor metabolizers has yet
to be determined

Drugs at the FDA (Plavix, " DOSAGE and ADMINSTRATION-Pharmacogenetics”,&
"PRECAUTIONS- Drug Interactions)

http://www.accessdata. fda.gov/drugsatfda_docs/label/2009/020839s040/bl. pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/

11 S-M Huang




Im U.S. Food and Drug Administration &-Z Indesx Search | |@

Home | Food | Drugs | Medical Devices | Waccines, Blood & Biologics | dnimal & Yeternary | Cosmetics | Radiation-Emitting Productz | Tobacco Products

Safety Share & Email this page B Printthis page 5 Change Font Size =

Home = Safety = MediWatch The FOU Safety Information and &dverse Event Reporting Program = Safety Information

MedWatch The FDA Safety Clopidogrel {marketed as Plavix) and Omeprazole
LBl 000 100 £ s (marketed as Prilosec) - Drug Interaction

Event Reporting Program

Safety Information Audience: Cardiovascular healthcare professionals, pharmacists

[Posted 11/17/2009] FDA notified healthcare professionals of new safety infarmation concerning
an interaction between clopidogrel (Plavix), an anti-clotting medication, and omeprazole
{Prilosec/Prilosec OTC), a proton pump inhibitar (PPI) used to reduce stomach acid. Mew data

Safety alerts for Human
Medical Products

2009 Safety Alerts for Human show that when clopidogrel and omeprazole are taken together, the effectiveness of clopidogrel
Medical Products is reduced. Patients at risk for heart attacks or strokes who use clopidogrel to prevent blood
2008 Safety Alerts for Hurman clots will not get the full effect of this medicine if they are also taking omeprazole. Separating
Medical Products the dose of clopidogrel and omeprazale in time will not reduce this drug interaction.

2007 Safety Alerts for Human Other drugs that are expected to have a similar effect and should be avoided in combination with
wedical Products clopidogrel include: cimetidine, fluconazole, ketoconazole, voriconazole, etravirine, felbamate,

fluoxetineg, fluvoxamine, and ticlopidine.
2006 Safety Alerts far Human

mMedical Products

2004 Safety Alerts for Human
Medical Products

Fecommendations for healthcare professionals are provided in the "Information for Healthcare
Profecsionals" sheet,

[11/17/2009 - Information for Healthcare Professionals - FOA]
[11/17/2009 - Public Health Adwvisory - FDA]
2004 Safety Alerts for Human [11/17/2009 - Follow-Up to January 2009 Early Communication - FDA]

Medical Products R =AM =2 = L =

2003 Safety Alerts for Human . . . . .
Medical Products [01/26/2009] Clopidogrel bisulfate {marketed as Plavix) Early Communication

2002 Safety Alerts for Human
hMedical Products

2001 Safety Alerts far Human
mMedical Products

Ea L E L T W T R, N RN R N [ I



March 2010 Relabeling

WARNING: DIMINISHED EFFECTIVENESS IN POOR
METABOLIZERS

- Effectiveness of Plavix depends on activation .. by ...
CYP2C19

* Poor metabolizers ..... exhibit higher cardiovascular
event rates following .. acute coronary syndrome (ACS).
or .. percutaneous coronary intervention (PCI) than
patients with normal CYP2C19 function

+ Tests are available to identify .. CYP2C19 genotype ..

- Consider alternative treatment or treatment strategies
in patients identified as CYP2C19 poor metabolizers
WARNINGS AND PRECAUTIONS
- Avoid concomitant use with drugs that inhibit CYP2C19
(e.g., omeprazole)
Drugs at the FDA (Plavix, "HIGHLIGHTS")

http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/020839s042/b/. pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ k




August 2010 Relabeling

2.3 CYP2C19 Poor Metabolizers

CYP2C19 poor metabolizer status 1s associated with diminished antiplatelet response to
clopidogrel. Although a higher dose regimen 1n poor metabolizers increases antiplatelet
response [see Clinical Pharmacology (12.5)], an appropriate dose regimen for this patient
population has not been established.

2.4 Use with Proton Pump Inhibitors (PPI)

Omeprazole, a moderate CYP2C19 inhibitor, reduces the pharmacological activity of Plavix.
Avoid using omeprazole concomitantly or 12 hours apart with Plavix. Consider using another
acid-reducing agent with less CYP2C19 inhibitory activity. A higher dose regimen of
clopidogrel concomitantly administered with omeprazole increases antiplatelet response; an
appropriate dose regimen has not been established /see Warnings and Precautions (3.1), Drug
Interactions (7.1) and Clinical Pharmacology (12.5)].

Orugs at the FDA

http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/020839s048I/b/.pdf
http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/

14 S-M Huang




October 2010 Publication

-

Omeprazole
=)

e

Placebo

Gastrointestinal End Point

P<0.001 by the log-rank test P=0.98 by the log-rank test

Probability of Freedom from Primary
Probability of Freedom from Primary
Cardiovascular End Point

T T T 1
SIO 160 180 260 50 100 150 180 200

Days Days

No. at Risk No. at Risk
Placebo 1885 1455 951 523 260 231 Placebo 1885 1449 945 515 250 218
Omeprazole 1876 1500 987 553 250 215 Omeprazole 1876 1483 966 537 242 205

Figr== 20 Kapian—wicier C2*imates of the Probability of Remaining Free

i 1 Moplan—wicier Cotimata ili ini
Figiiadl=tiey s of the Probability of Remaining Free of Primary Cardiovascular Events, According to Study Group.

o. Primary Gastrointestinal Events. \ccording to Study Group.
The event rate ror the primary cardiovascular end point at day 180 was 4.9%

Th t L astrointestinal end point at day 180
e event rate 1or we primary gastrointestinal end point at day was in the omeprazole group and 5.7% in the placebo group.

1.1% in the omeprazole group and 2.9% in the placebo group.

- Among patients receiving aspirin and clopidogrel, prophylactic use
of a PPI reduced the rate of upper gastrointestinal bleeding. There
was no apparent cardiovascular interaction between clopidogrel and

omeprazole, but our results do not rule out a clinically meaningful
difference in cardiovascular events due to use of a PPI.

D.L. Bhatt and Others | October 6, 2010 | (DOI: 10.1056/NEJMoal(007964)
http://www.nejm.org/doi/pdf/10.1056/NEJMoal 007964 15 S-M Huang




Clopidogrel and Pharmacogenetic Test
in Clinical Practice (one example)

- Vanderbilt University Medical Center joins Scripps
Clinic, starting to routinely test for variations in
CYP2C19 gene before antiplatelet therapy

Test for *1 (wild), 2, 3 (loss-of-function), 17
(gain-of -function)
Individual clinicians to decide treatment options

- If homozygous for loss-of-function
- prasugrel
- If contraindications for prasugrel
- increase the dose from 75 to 150 mg
or ticagrelor when it is available

http://www.theheart.org/article/1139495.do (October 21, 2010)




Labeling Example (2)

Warfarin




Clinical Importance of Risk:
Warfarin Eludes Patients Who Need It
the Most

* Underutilization of warfarin and high rate of
noncompliance due to physician and patient fear
of bleeding

- Prescribed to only 2/3 of appropriate candidates

» Other reasons for not starting warfarin
treatment in A Fib patients (n = 300)

- 28% prefer treatments without INR monitoring
- 20% fear of bleeding
- 18% would have difficulty to get INR monitored

Choudhry et al, Br Med J, 2006, Patien ! Record Review on File at Astra-Zeneca, White et

f
al, Am J Med 1999, ,  f. Arch Int Med 1987, Birman-Deych et al, Stroke 2006

<Courtesy of Myong-Jin Kim, CDER presentation, September 2009 >




Predicting the Warfarin
Stable Dose

Age, Gender, Drugs,

— N BW, Race, Diet
Others I

Genotypes (CYP2C9,
VKORCH1)

Wadelius et al, Blood 2009, Gage et al, Clin Pharmacol Ther 2008,
Calawell et al, Clin Med Res 2007




Freguency of VKORCI

-1639 G>A AA AG GG

Caucasians 19% 56% 25%

(N=297)
Spanish 32% 40% 28%

(N=105)

Chinese 18% 2%

(N=104)

African 21% @
Americans

(N= 1 59) Asians may need a lower dose

<Sconce et al. Blood 2005, Yuan et al. Human Mol Genetics 2005, Schelleman et al. Clin
Pharmacol Ther 2007, Montes et al Br J Haemat 2006 >




Public Debates [ ®s

JULLY 28, 2008

ks Aving § g FERSPECTIVES I-H'.l.'ll.“
NEF. EICCETR

San ANT W LE ps g 29 ' T i 1 III. - -' ! 5 !

POINT/COUNTERPOINT s Warfarin Pharmacogenomic
esting Ready for Prime Time?
The Critical Path of Warfarin Desing: Finding an Today's Debate 1o Focus on Iplementarion Issues
Optimal Dosing Strategy Using Pharmacogenetics

LI Lesko!

Warfarin and Pharmacogenomic Testing:

The Case for Restraint Opponents Want More Dat

i Db e pap i

a

Dk Garcal

LJ Lesko, Clin Pharmacol & Ther, September 2008
DA éGarcia, Clin Pharmacol & Ther, September 2008

AACC warfarin Debate: Hallworth, Huang, Eby, Linder, Jaffer, July 28,
2008http://www.aacc.orq/publications/cin/2008/July/dailies/Pages/mon_daily1.aspx




January 2010 Relabeling

CYP2C9
*1*3 *2*2

VAl 3-4 mg [3-4 mg

CEE N IICEL NI NI .5-2 mg .5-2 mg

5-2mg .5-2mg .5-2mg .5-2mg

Orugs at the FDA (COUMADIN, "Initial Dosage”)
http://www.accessdata. fda.gov/drugsatfda_docs/label/2010/009218s108/b/. pdf
http://www.accessdata. fda.gov/Scripts/cder/DrugsatFDA/




CYP2C9
*1/*1
*1/*2
*1/*3
*2/*2
*2/*3
*3/*3

E=1-

DR = A=< KDE

E,.. DR
EDK_'+ DR

A
| KDE =k,
W

“tag

EDK,_, = CL < EC_,

Predicted Warfarin Maintenace Dose

-E
— C2, —» CZ,

INA = INR,__._+ INR__ (1—(C1, + C2,)/2)

c2

3

—

DR: drug-receptor

EDK,, for VKOR1

6/6
G/A
A/A

Table 4 Predicted maintenance doses of warfarin to achieve a target steady-state INR of 2.5 in typical 50-, 70-, and 90-year-old subject:
with different combinations of CYP2C9 and VKORCT genotypes to illustrate their relative influence on warfarin dose requirements

VKORCT —1639 G=A (rs9923231)

G/G G/A A/A
CYP2C2 50vyears 70 vyears A0 years 50 vyears 70vyears 90 years 50 years 70 years 90 years
*1/*1 8.5 7.6 6.7 6.2 5.6 49 40 3.6 32
(5.7-11.2) (5.2-10.0) (4.6-8.9) (4.2-8.2) (3.8-7.4) (3.4-6.5) (2.7-5.2) (2.4-4.7) (2.1-4.2)
*1/*2 6.4 5.7 5.1 4.7 4.2 3.7 30 2.7 24
(4.3-84) (3.9-7.5) (3.4-6.7) (3.2-6.2) (2.9-5.5) (2.5-4.9) (2.0-3.9) (1.8-3.5) (1.6-3.1)
*1/%3 5.3 4.7 4.2 3.9 3.5 3.1 25 2.2 20
(3.6-6.9) (3.2-6.2) (2.8-5.5) (2.6-5.1) (2.4-4.5) (2.1-4.1) (1.7-3.3) (1.5-2.9) (1.3-2.6)
2,2 4.3 3.8 34 3.1 28 2.5 20 1.8 1.6
(2.9-5.8) (2.6-5.1) (2.3-4.5) (2.1-4.1) (1.9-3.7) (1.7-3.3) (1.4-2.6) (1.2-24) (1.1-2.1)
*2/*3 3.2 2.8 25 2.3 2.1 1.8 1.5 1.3 1.2
(2.1-4.2) (1.9-3.7) (1.7-3.3) (1.6-3.1) (1.4-2.8) (1.3-2.4) (1.0-2.0) (0.9-1.8) (0.8-16)
*3/%3 2.1 1.8 1.6 1.5 14 1.2 10 0.9 0.8
(1.4-2.7) (1.3-2.4) (1.1-2.2) (1.0-2.0) (0.9-1.8) (0.8-1.8) 0.7-1.3) (0.6-1.1) (0.5-1.0)

Values within parentheses represent corresponding doses for a target steady-state INR of 2.0 and 3.0, respectively.

INR, international normalized ratio.



Warfarin Drug Interactions -Jan 2010 Labeling

Specific Drugs Reported

acetamunopien
alcoholf
allopurinol
aminosalicwvlic acid
amiodarone HC1
argatroban
aspirin

atenolol
atorvastatint
azithromweoin
bavraliradin
capecitabine
cefamandole
cefazolin
cefoperazone
cefotetan
cefoxitin
ceftriaxone
celecoxil
Cceritvastatin
chenodiol
chloramphenicol
chloral hydrate§
chlorpropammiide
cholestyramine
cimetidine
ciprofloxacin
cizsapride
clanthromscin
clofibrate
COUNADINY overdose
cwvclophosphamade
danazol

dextran
dextrothwroxine
diazoxide
diclofenac
dicumarol
diflunisal
disulfiram
doxyeowecline
erythromycin
esomeprazole
ethacrvnic acud
ezetimiabe

fenofibrate
fenoprofen
fluconazole
fluorouracil
fluoxetine
flutamade
fluavastatimn
fluvoxatnine
gefitinil
gemtibro=il
glucagon
halotihiane
heparnn
ibuprofen
1fosfamade
indomethacin
influenza vVirs vaccine
itraconazole
ketoprofen
ketorolac
lansoprazole
lepiruadin
levamisole
levofloxacin
levothyvroxine
liothywronine
lovastatin
mefenamic acad
methimazole
methvildopa
methwvilphenidate
methwvlsalicvlate ointment (topical)
metronidazole
miconazole (1ntravaginal, oral,
swsteric)
moricizine hyvdrochloride
nalidixic acid
Naproxen
TLE O ITINVC AT
norfloxacin
ofloxacin
olsalazine
omepra=zole
oxandrolone
OMApToOZIinn

oxymetholone
pantoprazole
paroxetite
prenicillin . mtravenouns
prentoxifylline
rhenvibutazone
rhenvtoin T
piperacillin
PLrOXN1CAaTT
pravastatiny
predmisone
propafenone
propoxyphene
propramnolol
propwvlthiowracild
guinidine
CQUMIIIITLES
rabeprazole
raniticdine§
rofeco=xilb
sertraline
simwvastatin
stanozolol
streptolkinase
sulfamethizole
sulfamethoxazole
sulfinpyrazone
sulfisoxazole
sulindac
tamoxitfen
tetracyvcline
thwroud
ticarcillim
ticlopidine
tissue plasmuinogen activator
(-0
tolbutamaude
tramadol
tmmethoprimi/sulfamethoxazole
urokinase
waldecoxil
wvalproate
writamiin E
zatirlukast
zi1leuton

h f //www. accessdata. fda. _qo t;/dr_'ug_.s"a tfda_docs/label/201 0/009218s108lb. pdf




Genotype- Specific Inhibition Effect

Pop 1: CYP2C9 EM; Pop 2: CYP2C9 PM, : — —
M/F=1.0; Age 20-40 yr 7-OH Warfarin EM (*1/*1) | PM (*3/*3)

S-warfarin: SD 10 mg ong ay 1 CL’,¢ (uL/min/pmol CYP) 0.034 0.005
Sulfaphenazole: QD 2000 mg 5 days

Using SImCYP® V8.20
EM Control ____EM +Inh. EM Control
PM Control ____PM +Inh. PM Control

Mean Systemie Coneentration in Plasma of 8- Mean Values of Systemic Concentration in Plasma
Warfarin with and witheut Interaetien ever Time of Sulfaphenazole over Time

1.20 2.50

1.00 — _PM'/PM:]..].

-_— ——
— S s
=

2.00
0.80

\PI\/I/EM:3.8 1.50 1

0.60

EMI/JEM=1.9

——
= tem—

0.26 - -

1.00
040 B

0.50

Systemic Concentration (mg/L)

Systemic Concentration (mg/L)

0.00

w | 0.00 ‘ ‘ ‘
96 0 24 48 72

0 24
SUbSTr‘Q"’e Time -g ubstrate () Inhi b i'|'or' Time - Inhibitor (h)

<Zhaop Zh ang L, L esko 'L, Huan9 S-M, LOL presentation, 44 errimac, WI S eptember spng ,

> Which population needs dose adjustment?
(e.g., atmoxetine lableing) 25 5:M Huang




PBPK: Application of PBPK in
Clinical Pharmacology Evaluation

A. Intrinsic/extrinsic Factors

Extrinsic

Drug—drug interactions

Intrinsic
Age
Race
Organ dysfunction
Disease
Pregnancy/lactation
Gender
Genetics
Others

Smoking/
diet

Environment

Alcohol
use

Medical
practice

Regulatory

Huang and Temple, 2008

Individual or combined
effects on human physiology

B. PBPK Model components

System component
(drug-independent)

Drug-dependent
component

L Lung

ADME, PK, PD and

Rapidly perfused
organs

MOA

Slowly perfused
organs

Metabolism
Active transport

Passive diffusion

L Kidney

Protein binding
Drug-drug interactions

L Liver

Receptor binding

| Intestines _

) Dosing

Elimination

PBPK Model

f—;—f

Predict, Learn, Confirm

et al, Clin Pharmacol Ther, in press>

26 S-M Huang




Labeling Example (3)

Statins

&
Transporters




Withdrawn

Drugs Withdrawn from the US
Market due to Safety Reasons

CYP/transporter:..i.:i ;s ..

1998

1997 W High blood pressure/Chronic stable angina

orsades de Pointes; Drug-drug interactions

1998 1997 |Bromfenac  [NSAID Acute liver failure

1998 1985 ﬁerfenadme Antihistamine ﬁ'or'sades de Pointes; Drug-drug interactions
1999 Antihistamine Torsades de Pointes; Drug-drug interactions
1999 [Torsades de Pointes |

1997 Gr-epafloxac n Antibiotics

2000(2002)* [2000|A|osetron*  [Erritabl\ bowel syndrome in women |Ischemic colitis; complications of constipation
2000 1993 ICisapride Heartbu Torsades de Pointes; Drug-drug interactions

2000 1997 ' Dhgetes \\ Acute liver failure

2001 1997 ICerivastatin _Jcholesterallo\\ng IRhabdomyolysis; Drug-drug interactions

2001 1999 !Rapacur'onium AnestheSitm, N\ Bronchospasm

2003 1993 |_evomethady! [Opiate dependence Fatal arrhythmia

2004 1999 [Rofexocib  |Pain relief

o Pahacsapam—— CYP/3ransporter substrate

2005(2006)*

2004|Natalizumab™ |Mul'riple sclerosis

Brain infection

2005

2004199m Tc** |Diagnosfic aid

[Cardiopulmonary arrest

2005

ADHD

1975 Pemoline

Liver failure

Huang, S-M, et al, 'Principles of Gender-Specific Medicine”, Ed., Legato M, Academic Press, 2004,
pp 848-859 ; Huang, S-M, et al, Toxicology Mechanisms and Methods, 16: 89-99, 2006




Pharmacogenetics (simvastatin)

-Myopathy-

Genomewide Association

.Ginotvpe
16.9 (CC/TT)
| - * 45 (Cvs. T)
ol ol e B . | 6.4 (amiodarone)

- 3
= =
o= =

d a Myopathy

1
e of Patients Who Have Had a Myopal

eeeeeeeeee

YYYYY

Attributable to gentoype

Takmg 80 mg of Simvastatin Daily, accor'dmg to SLCO1B1

rs4149056 Genotype (c.521T>C)
2. Association replicated in another 40 mg group

The SEARCH Collaborative Group. N Engl J Med 2008, 359: 789-799 (UK)



Fold-Change in Plasma AUC

- Effect of Transporter Genetics -

35 - — OATP1B1)
- o 521CC/TT

3 T c.5217>C
- . White: Black: Asian

25 . B " T 15-20: 2 : 10-15%
z .
. - (BCRP)
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OATP1B1

"Eltrombopag is an inhibitor of OATP1B1
transporter. Monitor patients closely for
signs and symptoms of excessive exposure to
the drugs that are substrates of OATP1B1
(e.g., rosuvastatin) and consider reduction of
the dose of these drugs.”

The following were listed as OATP1B1 substrates:
"benzylpenicillin, atorvastatin, fluvastatin,
pravastatin, rosuvastatin, methotrexate,
nateglinide, repaglinide, rifampin”

Drugs at the FDA (Promacta, November 2008, ‘Highlights” and "Drug Interactions”)
http://www.accessdata. fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.La
bel_ApprovalHistory

http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA/ 31 S-M Huang




Labeling of Simvastatin

TABLE 1 Drug Interactions Associated with Increased
Risk of Myopathy/Rhabdomyolysis

* Itraconazole Ketoconazole Erythromycin Clarithromycin
Telithromycin HIV protease inhibitors Nefazodone

- Avoid simvastatin Chinese Patients
Taking Lipid-
Modifying Doses
(21 g/day Niacin)
* Amiodarone Verapamil of Niacin-containing

-> Do not exceed 20 mg simvastatin daily |Products
. Diltiazem —~>Do not take

> Do not exceed 40 mg simvastatin daily 80 mg

+ Gemfibrozil Cyclosporine Danazol

- Do not exceed 10 mg simvastatin daily

* Grapefruit juice
> Avoid large quantities of grapefruit juice (>1 quart daily)

Simvastatin labeling (Zocor), April 2010:
http://www.accessdata. fda. gov/drugsatfda docs/label/2010/019766s080Ibl. pdf




Selected efflux & uptake transporters in

the gut wall (a), liver (b), and kidneys (c)

: : : . OCT2: Organic Cation
OATP: Organic Anion Transportin ransporter 2
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P-gp: P-glycoprotein
Liver, Intestine, Kidney, Brain
BCRP: Breast Cancer Resistant Protein
Liver, Intestine, Kidney, Brain

Huang S-M, Lesko LJ, and Temple R, "Adverse Drug Reactions and Pharmacokinetic Drug
Interactions"”, Chapter 21, Adverse Drug Reactions and Drug Interactions in Part 4,

FUNDAMENTAL PRINCIPLES: Clinical Pharmacology, "Pharmacology and TherapeutigssRringiples to
Practice,” Ed. Waldman & Terzic, Elsevier, 2009




FDA CRiTiICAL PATH TRANSPORTER

o

in collabor =1 ith
WORKSH oP ; “» aAANS
7r n Eomeritan Assoctation of

October 2-3, 2008 | Marriott Bethesda North Hotel & Conference Center, Bethesda MD, USA

White Paper

From the “International Transporter Consortium”
1.Overview of Transporters
Overview, MDR1, BCRP, OAT/OCT, OATP

2. Methods for Studying Transporters

Cell/membrane models, intact organ/in vivo models;
modeling/imaging tools, enzyme/transporter interplay

3. Drug Development Issues

Overview/example cases; decision trees

1. International Transporter Consortium, Nature Reviews Drug Discovery, March 2010
2. Huang S-M, Woodcock J, Nature Reviews Drug Discovery, March 2010
3. Huang S-M, Zhang L, Giacomini, Clin Pharmacol Ther, Jan 2010

—>Follow up workshop in March 2012 in
Bethesda/Washington DC area




Summary

* Individual variations in drug response may
be attributed to various intrinsic and
extrinsic factors. genetics is one of the
factors and needs to be considered along
with other factors

» It is important to assess safety,
effectiveness and dose-exposure
response in various subgroups during
drug development and apply the results
of exposure-response to better define
optimum individual dosing regimens




Summary (2)

* As the pharmacogenetics/
pharmacogenomics information becomes
available, its association with the safe
and effective use of drugs has been
incorporated in the drug label and some

tests have been incorporated into
clinical practice

* Challenges need to be continued to be
addressed in the translation of genetic
information to product labeling and
clinical practice




Summary (3)

» Collaboration is key to future successes

- Application of modeling/simulation (e.g.,
PBPK) is critical to optimal study design
and to addressing issues related to multiple
inhibitors/multiple patient factors

* Various guidance documents in development
will discuss premarketing evaluation of
pharmacogenetics in early phase clinical

studies, drug interactions, others

FDA OTS dashboard:
http://www.fda.gov/AboutFDA/WhatWeDo/track/ucm206444.htm#progmeas




References

FDA Drug Development and Drug Interactions Website;
http://www. fda.gov/Drugs/DevelopmentApprovalProcess/Develop
mentResources/DrugInteractionslabeling/ucm080499. htm

Genomics at the FDA:
http://www. fda.gov/Drugs/ScienceResearch/ResearchAreas/Pha
rmacogenetics/default. htm

Drugs@FDA;
http://www.accessdata. fda.gov/scripts/cder/drugsatfda/

Clinical Pharmacology Guidance for industry:
http://www. fda. gov/Drugs/GuidanceComplianceRegulatoryInform
ation/Guidances/ucm064982. htm

For Consumers:
http://www. fda. gov/ForConsumers/ConsumerUpdates/ucm212747
.htm

38 S-M Huang




